Background and Objective Since oxidative stress plays a pathogenetic role in chronic neck pain (CNP), we investigated whether a combination of a-lipoic acid (ALA) and superoxide dismutase (SOD) might improve pain control and the efficacy of physiotherapy (''multimodal therapy'') in patients with CNP. Setting This study was conducted in the Rehabilitation
Introduction
Cervical spinal pain is defined as a pain perceived anywhere in the posterior region of the cervical spine, from the superior nuchal line to the first thoracic spinous process [1] or, alternatively, as a pain located in the anatomical region of the neck, either with or without radiation to the head, trunk, and upper limbs [2] . The history of cervical spinal pain usually includes an acute phase (which is sustained by mechanical stimulation of cervical intervertebral discs, cervical facet joints, atlanto-axial and atlanto-occipital joints, ligaments, fascia, muscles, and nerve root dura, which are capable of transmitting pain in the cervical spine with resulting symptoms of neck pain, upper extremity pain, and headache) and a chronic phase (which is sustained by inflammation and myelin axonal degeneration, with the characteristics of neuropathic pain).
Chronic neck pain (CNP) is often described as widespread hyperalgesia of the skin, ligaments, and muscles on palpation and on both passive and active movements in the neck and shoulder area [3] . CNP affects between 50 and 75 % of people who experience acute neck pain initially [4] [5] [6] , and it is estimated to have an annual prevalence between 30 and 50 % [7, 8] , being associated with significant economic, societal, and health effects [5, [8] [9] [10] . The effective treatment of CNP is still an outstanding issue; guidelines on pain agree on considering multimodal therapy (i.e. a combination of active principles with complementary mechanisms) as the best strategy to improve efficacy and tolerability [11] [12] [13] .
Increased oxidative stress plays a pivotal role in neuropathic pain, leading to axonal degeneration and myelin degradation. Reactive oxygen species (ROS) promote nerve inflammation through enhanced synthesis of inflammatory cytokines and chemotactic molecules, which recall and activate leukocytes. In such a way, the ROStriggered inflammatory process leads to pain and loss of nerve conduction functionality, and use of antioxidants could represent a suitable strategy for CNP [14, 15] .
Among antioxidant agents, the free radical scavenger alipoic acid (ALA) has recently been proposed for use in patients with peripheral nerve injuries and other neuropathies [16] . ALA has documented efficacy in treatment of diabetic neuropathy [17] , where it reduces pain and symptoms of peripheral neuropathy [18, 19] and improves nerve conduction [13, 20] . Recent studies have shown that ALA also reduces pain, paresthesia, and numbness in patients with compressive radiculopathy syndrome from disc-nerve root conflict [21] and other types of neuropathies, such as carpal tunnel syndrome [22] . In addition, combination treatment with ALA and c-linolenic acid within a rehabilitation program for 6 weeks reduced sensory symptoms and neuropathic pain in patients with compressive radiculopathy syndrome from disc-nerve root conflict, compared with patients undergoing a rehabilitation program alone for 6 weeks [23, 24] .
Superoxide dismutase (SOD) is one of the most important antioxidant enzymes, being responsible for neutralization of superoxide, the free radical occurring in the cellular respiration. SOD is endowed with a powerful anti-inflammatory action due to its antioxidant property and direct action on neutrophils, inducing their apoptosis; thus, SOD has a key role in inhibiting the inflammatory response, which is closely correlated with attenuation of hyperalgesia [25] . Furthermore, SOD inhibits biosynthesis of some principal inflammatory cytokines and avoids apoptosis of nerves [26] . Since during inflammationwhether acute or chronic-endogenous SOD is not sufficient to completely neutralize oxygen free radicals, dietary supplementation of SOD has been investigated in some diseases, such as arthritis [27] , and it has been shown that orally administered SOD not only has antioxidant activity but also works as an effective nerve protector [28, 29] .
With this background in mind, our attention was captured by a marketed combination of ALA 600 mg and SOD 140 IU and, therefore, we aimed to investigate its efficacy on sensory symptoms and neuropathic pain in patients with CNP, when added to a standard rehabilitation program (physiotherapy), compared with the rehabilitation program alone. We hypothesized that the proposed multimodal approach would improve most of the clinical parameters and that it would be more effective than physiotherapy alone.
Patients and Methods
In accordance with a prospective, randomized, open study design, patients were screened between March 2010 and April 2011 in the Rehabilitation Unit of the Department of Surgical and Oncological Sciences at the University Policlinic in Palermo, Italy. All participants were recruited from consecutive new patients presenting to an interventional pain management practice with CNP.
Patients with a history of chronic function-limiting neck pain lasting at least 3 months were included in the study. CNP was defined as pain perceived anywhere in the posterior region of the cervical spine, from the superior nuchal line to the first thoracic spinous process, often combined with widespread hyperalgesia of the skin, ligaments, and muscles on palpation and both passive and active movements of the neck and shoulder [1] . Other criteria for patient inclusion were age over 18 years, no physiotherapy, no ongoing chiropractic care or rehabilitation for the neck area, ability to provide voluntary written informed consent, willingness to participate in the study as well as follow-up, and ability to perform painful movements of the neck and shoulder.
The exclusion criteria included neck pain due to a motor vehicle accident, neck surgery, severe osteoarthritis or inflammatory arthritis, symptomatic spinal stenosis, surgical interventions of the cervical spine within the previous 3 months, uncontrolled major depression or psychiatric disorder, acute or uncontrolled medical illness (malignancy or active infection), chronic severe condition that could interfere with interpretation of the outcome assessments, pregnancy or lactation, and engagement in experimental medical treatment. Participants with concurrent headaches, non-radicular pain in the upper extremities, and lower back pain were not excluded if neck pain was their main symptom.
The study was approved by the local independent ethics committee, and all patients were informed of the investigational nature of the study. After the patients had read the study information and signed the informed consent form, they were physically examined. The height and weight were measured, and the body mass index (BMI) was calculated. Gender, age, and occupation were documented, as well as other clinical characteristics such as the diagnosis, time since first diagnosis, medical history, diagnostic tests performed, duration of therapy, and concomitant treatments.
According to a computer-generated random allocation sequence, patients were randomly assigned either to a group treated with a combination of ALA 600 mg and SOD 140 IU once daily in addition to physiotherapy (group 1), or to a group receiving physiotherapy alone (group 2). The ALA/SOD combination therapy was purchased by the patients from a pharmacy. Both groups were treated and followed up for two consecutive months. Patients were not allowed to take any other analgesic compound for the entire duration of the study.
Cervicobrachial pain was assessed by the patients by means of a visual analogue scale (VAS) and a modified Neck Pain Questionnaire (mNPQ). Both the VAS and the mNPQ questionnaire were administered at baseline (T0, pre-treatment), and after 1 month (T1) and 2 months (T2) of treatment.
The VAS is a 100 mm line, oriented vertically or horizontally, with one end representing ''no pain'' and the other end representing ''pain as bad as it can be''. The patient is asked to mark a place on the line corresponding to their current pain intensity. The VAS is the most frequently used pain measure because it is simple to use and has good psychometric properties [30] . The VAS assessment was done in a resting position (''pain at rest'') and during a pain-provoking movement, such as neck flexion, neck extension, lateral neck flexion, and neck rotation in either direction (''pain on movement'').
The mNPQ was developed to measure neck pain and consequent patient disability and wellbeing. It is relatively simple to use and provides an objective measure for monitoring symptoms over time, according to ten questions about (1) neck pain intensity; (2) neck pain and sleeping; (3) pins and needles or numbness in the arms at night; (4) duration of symptoms; (5) carrying; (6) reading and watching television; (7) working and/or housework; (8) social activities; (9) driving; and (10) comparison between the current state and the last time the questionnaire was completed. Each question has a 5-point scaled answer, from 0 (no pain or no interference with life/activities) to 5 (severe pain or inability to perform activities). Question #9 about driving was omitted if the patient did not drive a car when in good health, and question #10 was given only at the control visits (T1 and T2), compared with the previous visits [baseline (T0) and T1, respectively]. The ''neck pain score'' was calculated as the sum of the points for the first nine questions. If all nine questions were answered, then NPQ percentage = (neck pain score)/36 9 100 %. If only the first eight questions were answered, then NPQ percentage = (neck pain score)/32 9 100 %. The answer to question #10 was analyzed separately. The percentages ranged from 0 to 100 %. The higher the percentage, the greater the disability [31, 32] .
The compliance of the patients with the study was assessed by checking whether the patients followed the physiotherapy sessions that were prescribed at the start of the study and, only in group 1, whether the patients had missed some therapies because of adverse reactions, intolerance, or ''lack of efficacy'' as perceived by the patients. In the case of adverse event or drug reactions, the patients were asked to report which reaction occurred, how long it lasted, and which measures were undertaken to control the reaction (treatment stopped, concomitant therapies, etc.).
The primary study objective was improvement of pain. The primary outcomes were changes in the VAS and mNPQ scores; the secondary objectives were compliance with medical prescriptions (which was also considered to be an indirect assessment of efficacy) and safety.
The results are reported as descriptive statistics: quantitative parameters are reported as means, minimums, maximums and standard deviations; qualitative parameters are reported as absolute and relative frequencies. Comparisons were made with a chi-squared test for qualitative parameters and with a paired Student's t test for quantitative ones. Analysis of variance (ANOVA) and analysis of covariance (ANCOVA) of the VAS at the baseline visit were performed to test variations in parameters through time and between groups. P values were considered statistically significant if \0.05 (confidence interval 95 %). Statistical analyses were performed with SPSS Statistical Package, version 13.0 (SPSS Italia Srl/Inc.).
Results
Ninety-eight patients were screened and randomized into the study. Two patients were excluded from the data cleaning because their control visits (T1 and T2) were missing and, therefore, no efficacy data were available. The final database consisted of 96 patients (11 males and 85 females) with a mean age of 53.2 ± 14.1 years (range 20-83). All patients had a diagnosis of chronic cervicobrachial pain; of those, 51 patients were treated with the combination of ALA/SOD in addition to physiotherapy, while the other 45 patients had physiotherapy alone ( Table 1) .
The most frequently prescribed types of physiotherapy in the medical history were diadynamic, carbon dioxide laser, ionophoresis, transcutaneous electrical nerve stimulation (TENS), massage therapy, and functional rehabilitation. Details are reported in Table 2 .
Both ALA/SOD combined with physiotherapy and physiotherapy alone achieved a significant reduction in ''pain at rest'' perceived by the patients, as was demonstrated by the VAS score, which decreased in group 1 from 60.8 ± 21.5 (at T0) to 42.4 ± 22.1 (at T1) and 27.4 ± 22.5 (at the end of treatment, T2), and in group 2 from 61.3 ± 20.5 (at T0) to 42.0 ± 23.6 (at T1) and 39.2 ± 20.1 (at T2). It is noteworthy to mention that after 60 days of treatment, the ''pain at rest'' was significantly lesser in patients receiving ALA/SOD in addition to physiotherapy than in those treated with physiotherapy alone (p \ 0.005) (Table 3) . Also, the VAS for ''pain on movement'' induced by movements of the neck and/or shoulder performed by the physicians was significantly reduced in group 1 from 70.4 ± 19.7 (at T0) to 47.5 ± 21.2 (at T1) and 31.8 ± 20.8 (at T2); and in group 2 it was reduced from 73.0 ± 19.5 (at T0) to 47.2 ± 24.8 (at T1) and The results are reported as means ± standard deviations with minimum-maximum ranges in parentheses, or as absolute and relative frequencies, as appropriate. No statistically significant difference was observed between the groups ALA a-lipoic acid, BMI body mass index, SOD superoxide dismutase 
44.2 ± 22.4 (at T2). Again, the ANCOVA (for the VAS covariate at the baseline visit) between the two groups after 60 days of treatment showed a statistically significant difference in favor of the group treated with ALA/SOD in addition to physiotherapy, versus physiotherapy alone (p \ 0.01) ( Table 3 ). The reduced VAS score was reflected by the reduction in mNPQ scores. The average mNPQ percentage decreased from 41.7 ± 16.6 at baseline to 24.4 ± 14.8 after 30 days and 17.6 ± 13.9 after 60 days of treatment in group 1 (p \ 0.001), and from 44.4 ± 15.8 at baseline to 23.1 ± 13.9 after 1 month and 17.0 ± 10.4 after 2 months in group 2 (p \ 0.001). There was no statistically significant difference between the groups. However, the last question of the mNPQ questionnaire (''In comparison with the last time you answered the questionnaire, neck pain is…'') confirmed the results achieved on the VAS scale. After 2 months of treatment, more than 81 % of patients receiving ALA/SOD in addition to physiotherapy were improved, either ''much improved'' or ''slightly improved'', compared with only 29 % of patients treated with physiotherapy alone. The difference between the groups was statistically significant (p \ 0.001) (Fig. 1) .
Lastly, compliance with the treatment was checked by the physician. In group 1 receiving ALA/SOD in addition to physiotherapy, more than 84 and 78 % of patients were reported to have followed the medical prescriptions for physiotherapy after 30 and 60 days of treatment, respectively. Conversely, at the same time points, only 71 and 55 % of patients in group 2 were reported to be compliant with the prescriptions for physiotherapy, and most of them reported that they were not completely happy about the results achieved with physiotherapy alone. The difference between the groups was significant (p = 0.048) and was considered an indirect confirmation that better pain control was achieved in group 1 than in group 2 (Fig. 2) .
The tolerability was generally acceptable in both experimental groups, and no drug-related adverse events were reported.
Discussion
Cervicobrachial pain is a common cervical spine disorder. When the condition evolves to chronicity (CNP), it encompasses the characteristics of neuropathic pain and becomes a persistent or recurring problem, which impacts unfavorably on an individual's mental as well as physical Fig. 1 Scores for modified Neck Pain Questionnaire (mNPQ) question #10: ''Compared with the last time you completed the questionnaire, is the neck pain…''. After 2 months of treatment (at T2), the difference between groups was statistically significant, according to a chi-squared test (p \ 0.001). ALA a-lipoic acid, SOD superoxide dismutase Fig. 2 Percentages of patients who fully complied with physiotherapy prescribed by the site medical staff, in the group treated with alipoic acid (ALA) and superoxide dismutase (SOD) plus physiotherapy, and in the group treated with physiotherapy alone. The difference between groups was statistically significant (p = 0.048) health, thus leading to high costs for the health care system and society [33] . Here, we report the results of a prospective, randomized, controlled study aimed at evaluating the difference in pain relief between physical rehabilitation alone and multimodal therapy in patients affected by CNP. Our results demonstrated a statistically significant difference between the two study groups, confirming the hypothesis that multimodal therapy, combining oral antioxidants-ALA and SODwith physiotherapy, would lead to better improvement of perceived pain in these patients. In addition, both groups reported improvements after the first month of treatment, but after 2 months, group 2 (who were treated with physiotherapy alone) stopped improving, while patients in group 1 receiving ALA 600 SOD Ò continued to experience improvement in their perceived pain, as showed by their mNPQ responses.
ALA is a biological compound occurring in foods such as liver, spinach, and broccoli, but it is always covalently bound to macromolecules and, in fact, it is not fully bioavailable from standard dietary sources. Additionally, the amount of ALA that is present in the diet is very small, and dietary supplementation is needed whenever increased oxidative stress in the body (e.g. because of chronic inflammation or other stressful conditions) leads to clinically significant consumption of endogenous antioxidants.
ALA 600 SOD Ò is an oral formulation and is characterized by rapid absorption, high bioavailability, a short halflife, and low toxicity [34] . These findings could significantly improve the clinical benefit and therapeutic effects of lipoic acid at the cellular level, thus making ALA 600-SOD Ò a suitable formulation for long-term administration in chronic conditions, such as peripheral neuropathies.
Treatment with ALA 600 SOD Ò for 4 months led patients with diabetic neuropathy to experience a significant improvement in their electroneurographic parameters and perception of pain. The best improvements were observed in sensory nerve conduction, thus confirming that a combination of two powerful antioxidant agents leads to improvement in both subjective and objective parameters in patients with diabetic neuropathy [35] .
The results of our study suggest that important goals can be achieved in the treatment of cervicobrachial pain by combining physiotherapy with oral antioxidants, i.e. optimized pain control, enhanced functional abilities and physical and psychological wellbeing, enhanced quality of life, and minimized adverse effects. Thus, ALA 600 SOD Ò may represent a powerful adjuvant in the treatment of cervicobrachial pain.
The limitations of our study may be represented by the small sample size, which reduced the possibility of extrapolating the results to other patient populations. The study was not blinded, and long term outcomes were not assessed; successfully treated patients should be followed up to determine whether the outcome was sustained. The measures that were reported were self-report tools. Although self-report tools might be considered the most directly reliable means of obtaining such information, potential issues with the credibility of responses should be acknowledged.
In the absence of comparable data in the literature, this study must be considered a pilot one; however, reliability of the study results is suggested by other considerations. Among the concomitant therapies taken by patients, there were no analgesics, thus no bias in assessing the reduction of perceived pain occurred. Since the definition of cervicobrachial pain is often ambiguous, the diagnosis was made for all enrolled patients at the same hospital by the same medical staff, avoiding bias in the definition of the disease. No adverse events were recorded during the study, confirming that few or no side effects were induced by ALA 600 SOD Ò . Although CNP and neuropathic pain still remain difficult to manage, the results of our study suggest that the combination of ALA/SOD and physiotherapy may be a useful approach in the management of these patients.
Conclusion
Multidisciplinary interventions represent multimodality approaches in the context of a treatment program that includes more than one discipline. Our results and the literature indicate that use of multidisciplinary treatment programs is effective in reducing the intensity of pain reported by patients. Supplementation with a combination of antioxidant agents represents an etiopathogenetic approach unlike that of analgesics, which is purely symptomatic. This multimodal approach can reduce symptomatology and avoid progression of disease, while also promoting direct anti-inflammatory effects on nerves.
